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PROBLEM STATUS

This is a quarterly letter progress
report covering the work of the
participants in the Hypervelocity Kill
Mechanisms Program; work on this problem
is continuing.

AUTHORIZATION

NRL Problem No, FO4=-11
ARPA Order No. 149-60
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INTRODUCTION

Progress Report No.l2 is a compilation of quarterly
techni 4l progress reports covering the work of the
Hypervelocity Kill Mechanisms Program for the period
covering 20 March through 30 June 1963,

The reports cover the work performed in the impact
damage and the aerothermal phases of the Program. The
work covering the impact damage and aerothermal phases
was done by the Aeronautical Research Associates of
Princeton, AVCO-RAD, Ballistic Research Laboratories,
U.S. Naval Research Laboratory, and General Electric
Company.
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SUMMARY

Investigation of commosite target combinations (non-metallic face-
plate plus metallic back-up) was continued in three additional phases (III-V
inclusive) with one obsecrvation per condition. The target combinations
(1'" face-plate + 1/8" back-up at 30-degree attack angle, 2'" + 1/8" at normal
incidence, and 1'" + 1/4'" at normal incidence) were attacked by aluminum
inhibited jet pellets with the same impact characteristics provided in the
previously reported tests, The target hole dimension data obtained were
used as a basis {0r evaluation of the effects of attack angle and additional
face-plate and back-up plate thickness combinations under the same impact
conditions of the previous tests.

Thin plate perforation studies were completed using steel equi-axed
cylinders in the velocity range of 2 to 5 km/sec. Characteristics of the
mass, velocity, and spatial distribution of rear surface ejecta were determined
as the iripact velocity, projectile size and target thickness were varied. For
the case of the non-deforming projectile, it was shown that residual projec-
tile velocity and target impulse can be predicted on the basis of a simple
mathematical model, Most recently, the thin plate penetration studies were
extended to include experiments with much higher velocity projectiles pro-
vided by an inhibited jet design developed at BRL. Impacts on aluminum,
magnesium, and steel targets observed thus far are incorporated in summaries
of target reactions.

COMPOSITE TARGETS

In Phase III, four one-inch face targets - glass,fiberglass laminate,
phenolic nylon laminate, and polyethylene, each with three different one-
eighth inch back-ups- aluminum, magnesium, and steel - were attacked at
thirty degrees (60-degree obliquity),

Throat hole dimensions of the face-~plate materials showed no tendency
to differ from those obtained at normal incidence at all thickness combina-
tions. The back-up plate hole dimensions at the thirty degree attack angle
tend more toward those of back-up plates in combinations of equal thickness
than toward those in combinations of equivalent thickness (2" + 1/4"). The
effect of rolling direction of the metallic back-up plates on the non-circular
hole dimensicns appears to be more pronounced in some instances of this
oblique attack phase.

Al
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In Phase 1V, the face-plate thickness was changed to two inches while
the back-up plate thickness remained at 1/8th inch. The attack angle was

ninetv degress Of tha twelvae ariginal target combinntione, the throo with
glass face plates were omitted. A comparison of results with those of Phase
I against two-inch face-plates with quarter-inch back-ups does not show a
tendency of primary-target-throat-hole didmeters to vary with changes in
back-up thickness. The back-up hole dimensions in nearly all cases increase
with thinner back-up plates.

For Phase V, glass combinations were again excluded and the thick-
ness pairings were reversed to one-inch face with guarter-inch back-ups.
Attack conditions were the same as in Phase IV. By comparison with Phase
11, 1/8th inch back-ups, the tendency for back-up hole dimensions to increase
with decreased back-up thickness wis even rore pronounced than for the pre-
ceding Phase IV. As in Phase IV, there is no marked tendency of primary-
target hole-diameters to vary with back-up thickness.

For the impact condition and target combinations used to date, there
appears to be a tendency for the hole dimensions of both the 1/8 and 1/4 inch
metallic back-up plates to increase with an increase in primary plate thick-
ness from one to two inches. This tendency appears more proncunced for
the quarter-inch, especially the aluminum plates, The hole dimensions of
all three back-up plates, however, are consistently smaller in the combina-
tions of greater thicknesses (2" + 1/4") than in those of the lesser thicknesses
(1n + 1/8").

Further clarification of shock-distribution and attenuation processes
is expected from the shock-pulse meas urement program. The composite
target program will be continued with the original four face-plate and three
metallic back-up materials, but with an attacking pellet of approximately
eight times the present mass,

THIN PLATE STUDIES

Resecarch on impact damage to thin and thick 2024-T3 aluminum targets
was continued with two basic explosive projector systems. One system
utilized a 0, 02 gram steel projectile, the other a 0.187 gram projectile.

While velocity levels ¢f 2.0, 3.2 and 4.0 km/sec were used for the lighter
projectile, the velocity of the heavicer projectile was incrcased to 5,0 kni/sec
by use of & BRL air-cavity projector. The pertinent variables studicd for
thick targets were crater depth, diameter and volume; for thin targets,
entrance and exit diameters,

A2
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For thick targets, crater volume was found proportional to the kinetic
energy of the projectile. At low impact velocities, the craters are narrow
and deep, while at velocities approaching the sonic velocity of the target
matarial {8 1 b /seg) the Cialers approach a hemispherical shape.

For thin targets (of thickness exceeding 1. 5 times the projectile
length) the perforation entrance diameter is independent of target thickness.
For targets of lesser thickness, a decrease in entrance diameter was noted,

The spall particle distributions produced by projectile-target impacts
over the 2-5 km/s ec range were analyzed from a spatial distribution stand-
point for both normal and oblique incidence. Consistent with previous indica-
tions, the percentage of the total number of spall fragments in a given space
element was found indepeadent of projectile scale size, projectile velocity,
or target thickness., In the case of oblique impacts, spall particle distribu-
tion characteristics are complicated by a dependence on azimuthal angle
(lateral angle relative to line of flight) and cannot be described in as simple
terms as hold for the normal impact case. The center of spall impact is
displaced radially outward along zero azimuth, the direction of the line of
flight of the projectile,

An analysis of the manner in which the mass contained in the spall
envelope is distributed spatially shows qualitative similarities to the particle
number distributions derived previously for normal incidence, from whic¢ch
the inference is drawn that spall particle size is not particularly deperident
upon the space coordinates.

By use of a flash x-ray system for determining residual projectile
velocity and a ballistic pendulum for target impulse studies, values of total
target-spall momentum have been obtained. Photographic determination of
average exit velocities of spall and projectile particles has led to further
applicability of a particle residual velocity formula developed in earlier
studies.

The photographic determination of the velocity distribution of
individual ejecta particles indicates that, for scaled systems, the velocity
distributions are similar in that both the maximum spall velocity and the
velocity of the maximum percentage of the total number nearly coincide,

Analysis of results has als o shown that, for the non-deforming pro-
jectile, the residual projectile velocity and target impulse can be predicted
on the basis of a simple mathematical model.

A3
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Most recently, the thin target studies were extended to include
experiments featuring projectiles of the BRL inhibited-~jet type at impact
velocities of Y. % km/sce. Limited data obtained lor spall systems with
aluminum, magnes ium and steel targets indicate @ .

The distributions [or spall numbers and mas s es are similar
to those obtained with the lower velocity projectiles, i.e., maximum
density occurs at the center of impact and diminishes radially outward.
Spall particle size continues to increas e markedly with increase in target
thickness . The target perforation and spall diameters vary with thickness
and material in a manner qualitatively similar to results obtained with 5
km/sec projectiles.

Studics with the 9.5 km/sec inhibited jet projectile are being

continued with several target materials for extension of previously derived
target and spall momentum relationships.
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PROBLEM STATUS - SECTION I

This is a Quarterly Technical Progress Report.
Work on this Project is Continuing.

AUTHORIZATION
NRL Problem 62F04-11B
ARPA Order No. 149-60
Amendments 1 - 7
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Hole Size vs Impact Energy per Unit of Ablative
Thickness For Phenclic Refrasil

Round No. 4=865, 12" x 12" x 1" Laminated Astrolite
with a 0.25" Al Back-up Impacted at 90° with a
5/16" Steel Sphere (2.04 gm) at a Velocity of

5.037 km/sec.

Round No. 4-866, 12" x 12" x 1" Random Chopped Squares
Astrolite with a 0.,25" Al Back-up Impacted at 90° with
a 5/16'" Steel Sphere (2.04 gm) at a Velocity of

4,970 km/cec

Round No. 4-851, 12" x 12" x 1" Random Chopped Squares
Phenolic Nylon with a 0.25" Mg Back-up Impacted at

90° with a 1/4" Steel Sphere (L.045 gm) at a Velocity
of 4.75 km/sec

Round No. 4-852, 12" x 12" x 1" Random Chopped Squares
Phenolic Nylon with a 0.25" Mg Back-up Impacted at

90° with a 1/4" Steel Sphere (1,045 gm) at a Velocity
of 4.75 km/sec

Round Nos. 4-851 and 4-852, Recovered Front Spall
Pieces Placed Back Into Spall Cavity After Impact

Round Nos. 4-851 and 4-852, 0,25"=thick Aluminum Witness
Plates placed 10" behind Target

Round No. 4-871, 12" x 12" x 1" Laminated Phenolic
Nylon with a 0,25'" Al Back-up Impacted at 90° with a
5/16" Steel Sphere (2.04 gm) at a Velocity of 5.0 km/sec

Round No, 4-867, 12" x 12" x 1" Random Chopped Squares
Phenolic Nylon with a 0.25" Mg Back-up Impacted at 90°
with a 5/16" Steel Sphere (2.04 gm) at a Velocity

of 4.54 km/sec

Hole Size vs Impact Energy per Unit of Ablative Thick-
ness for Phenclic Nylon ‘

Hole Size vs ImRact Energy per Unit of Ablative Thick~
ness for GE 124A.
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SUMMARY

Perforation of composite targets with spherical pro-
jectiles of known mass and velocity fired at different
angles was emphasized., 1In order to better estsblish
correlations of the impact effects on various ablative
materials and to analyze the results, both velocity and
energy range of the projectiles were varied. Approximately
45 experiments were conducted, with saboted steel and nylon
spheres having velocities between 3-6 km/sec. The materials
impacted were laminated and random-chopped phenolic re-
frasil and nylon and G.E., Series 124A, Back-up materials
were 1/4=-inch thickness aluminum and magnesium for the
phenolics and l-inch aluminum honeycomb for the 124A.
Correlations of the hole size with target thickness and
composition, projectile energy, velocity, size and density
were examined for each of the composite targets.
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INTRCDUCTION

The purpose of the work presented is to determine the
impact effects on ablative materials and re-entry vehicle
structures from hypervelocity impact with compact pro-
jectiles of various densities, for example; aluminum, steel
and uranium, Analytical means will be used to explain
the experimental results and to correlate significant
parameters so that accurate and reliable Impact predictions
can be made, These data provide part of the information
needed for determining the feasibility of defeating an enemy
ICBM by fragment impact.

PROGRE 88

The impact experiments for this quarter are summarized
in Table II. Table I is a list of hole areas and equivalent
perforation diameters with the corresponding Round Nos. for
data previously reported in progress reports No. 9 and 11,
The projectiles were saboted steel and nylon spheres. The
composite targets were GE 124A and phenolic refrasil and
phenolic nylon bonded to 0.25-inch aluminum. The impact
results and the correlations that have been obtained for each
material are discussed separatelg. Figures 1, 5, 6, 7 show
the best correlations that have been obtained at this time,
In the next annual report curves will be fitted to the best
data correlations that exist at that time so that the impact
results for different materials can be compared. In these
figures Round Nos., are written above each data point. With
this identification number and referring to Tables I and II
in this report and similar tables in progress reports No. 9
and 11 all the conditions under which the data were obtained
can be determined.

Astrolite

The laminated and random-chopped refrasil phenolie
materials that were impacted this quarter are listed in
Table II. The back-up material was 0.25-inch aluminum. The
projectiles were primarily 1 and 2-gram steel spheres with
velocities ranging from 3 to 5.8 km%sec. Figure 1 is a graph
- of the equivalent hole diameter D_ in the ablative vs impact
energy per unit of ablative thickBess for all the astrolite
data that has been obtained at NRL, The laminated and random-
chopped molded types are designated by  triangles (A) and
circles (0) respectively. The data shown represent a wide

SECRET B2
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range of conditions. The ablative thicknesses were varied
from 1/2 to 2-inches. The back-up materials were primarily
aluminum with some steel. Back-up thicknesses varied up to
0.25-inch. The projectiles were steel, aluminum and plastic
(Lexan) spheres and cylinders. All projectiles except the
plastic were saboted. Impact angles varied from 90° (normal
impact) to 15°., Projectile velocitles covered a range from
approximately 3 to 7 km/sec; masses from 1 to 15 gm. This
corresponds to impact energies of 10 to 350 Kj. Considering
this wide range of impact conditions the correlation appears
good, A least squares curve will be fitted to this data or
improvements of it in the next report.

No consistent difference can be seen in the perforation
diameters for the laminated and random-chopped types of
Astrolite. However there is a difference in the front spall
characteristics of the two types. As shown in Figure 2
the front spall area in the laminated material is not much
larger than the perforation area. In contrast to this, the
spall area of the random-chopped astrolite is substantially
larger than the perforation area., The similarities and
differences in the spall characteristics for the astrolite
and phenolic nylon are pointed out in the discussion of the
impact results of the phenolic nylon,

In the impact experiments with the phenolic refrasil
material the back~ups usuvally came off the back of the ablative
material during the impact. This material was procured with-
out back-ups, Bonding was done in~house with a very thin
bond of glue., In contrast to this, the back-ups stayed on
the ablative materials that were received with the back-ups
bonded to the ablative material by the manufacturer with a
type of rubbery bond, These bonds were approximately 1/16-
inch thick.

Phenolic Nylon

The impact results for the phenolic nylon material
obtained during this quarter are listed in Table 1I. The
targets were laminated and random-chopped phenolic nylon
with 0.25-inch thick aluminum and magnesium back-ups. The ve-
locities for the 1 and 2 gm, steel sphervs were varied between
3 and 5 km/sec in order to establish a basis for correlation.
The changes in the impact results are more erratic than for
the astrolite material, causing considerable difficulty in
the analysis of results. An example of this inconsistency is

SECRET B3
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shown by the results from Rounds 4~851 and 4-852, see

Table II, and Figure 3. These two targets appeared to be
the same in all respects. Impacts were made with a i/4-inch
steel sphere at approximately 15,500 ft/sec. As can be seen
in Figure 3 the hole diameters are very different. There is
no quantitative explanation of these results at this time.
These differences may be due partly to the inhomogenecus
nature of the material and the orientation of the random-
chopped squares. It is felt that these erratic . results
will diminish as the velocity and energy levels are in-
creased,

Another difference that has been observed between the
laminated and random-chopped squares is the shape of the
front spall cavity. For the random-molded phenolic nylon the
depth of the spall cavity varies in a gradually increasing
amount from the cutside of the spall cavity toward the center
of the perforation. The type of spall cavity left after
impa ct into the laminated material is more sharply defined.
The depth of the cavity is more nearlg constant from the
outside of cavity toward the center where the perforation is
located, see Figure 4., These spall characteristics for the
random-chopped phenolic nylon are very similar to the random
chopped astrolite. The type of spall produced in the laminated
astrolite is different than the spall cavity left in the
laminated phenolic nylon. An example of this can be seen by
comparing Figure 2a with Figure 4a.

The recovered front spall pieces that are shown in
Figure 3c are often observed from low energy impacts into
the random-chopped materials. ., The resulting shock-wave
intensities from impact are not large enough to completely
disintegrate the front spall pieces but are intense enough to
fracture the material around the perforation and loosen large
pieces of spall. The small hole where the projectile entered
the material is clearly discernible.

A correlation of the equivalent perforation diameter in
the ablative vs energy per unit thickness of the ablative for
all the phenolic nylon data is shown in Figure 5. Further
work 1s necessary in order to make the results more definitive.
Although various modifications to this correlation have been
tried e.g. normalizing the hole diameter or hole area, none have
been successful, Other correlations such as hole diameter vs
%mpact velocity have not yet resulted in anything significantly

etter.
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GE Series 124A

A summary of the impacts into the 124A material with
nylon and steel spheres is shown in Table II. The 1/4"
diameter nylon sphere (0,1560 gm) impacting at 20°, did
not perforate the composite target for velocities up to
6.58 km/sec (rounds 5-3-60 to 5~3-~67). The 7/16" ablative
material was perforated at a velocity of about 4.6 km/sec
(see round number 5-3-64). The projectile was still
visible in the bottom of the crater after impact in round
numbers 5-3-60, 61, 62, The projectile was removed from
the bottom of the crater in the ablative material for
round number 5~3-62 and the weight of the nylon sphere
was about the same as before impact. It could be seen
from visual inspection that part of the projectile was
composed of ablative material fuzed to the original
nylon. Although the nvlon sphere did not perforate the
back-up, the associated impact in rounds 5-3-66, 67 did
loosen the last aluminum plate in the honeycomb sandwich
from the honeycomb for more than half the surface of
contact.

Correlations of the projectile parameters and the
impact results on this material are not complete; however
comparison of the equivalent hole diameter in the ablative
vs Impact energy per ablative thickness is shown in
Figure 6 for all the steel sphere impacts. The results
show that the impact effects for this material are more
dependent on the impact angle than are the phenolic
materials. It was pointed out in Progress Report No. 11
that for the data obtained up to that time the angle of
impact did not make a large difference in the diameter
of the perforation as long as the energies were above
the minimum perforation value. This is still true for
the phenolic materials but not for the 124A material,

In this material both minimum perforation and the hole
diameter are dependent on the angle of impact., Quali-
tatively this can be regarded as a tendency for the
projectile to glance along the surface of the material,
which would tend tc increase the impact area and increase
the hole size, especially if the material is brittle
like 124A, An example of this smearing out of the area
of impact is shown in Progress Report No. 11, Figure 9,
for a 30° impact into plexiglas., Some size effect de-
pending on the angle of impact will have to be used to
correlate this data for impacts which are not 90°.

SECRET B5




SECRET

Figure 7 is a comparison of the equivalent hole diameter

in the ablative material vs impact velocity for 90°

impacts with 1/4" steel and nylon spheres, Round Numbers
1-2+9 tn 1=72-18 were impacts nf this marerial with 1/4-inch
steel spheres at velocities from 3.86 to 5.57 km/sec.

The steel spheres completely perforated the target at

all ol the velocities in this range.

Although the penetration characteristics of the steel
and nylon spheres are considerably different it can be seen
that the resulting hole size in the ablative using these
two types of projectiles is similar when compared at the
same velocity. This result is also shown by the impact
data on the phenolic refrasil materials with steel back-
ups, (see Figure 1 round nos., 1-1-32 and 1-1-65). The
hole size using these two plastic (Lexan) cylinders is
compared with the data for steel projectiles although the
steel back-ups were not perforated in either case by the
plastic cylinders.

CONCLUSIONS AND FUTURE PLANS

The best correlation that has been obtained for all
three groups of materials is an impact energy/unit thick-
ness of ablative vs hole size in the ablative. Other
correlations which have been briefly examined have not
been satisfactory. These were correlations of ablative
perforation area, normalized ablative hole area and
diameter vs projectile impact velocity, energy and
momentum. The hole diameters in the 124A material are
dependent on the angle of iwmpact, increasing as the impact
angle decreasas. A correlation of impact velocity vs
equivalent perforation diameter in the ablative was
obtained for normal impacts (90°) with the 1/4'" steel and
nylon spheres., Various ways of accounting for the larger
holes in the 124A material at impact angles of less than
90° were attempted, but were not satisfactory. In the
annual report a least squares fit will be used on the data
for each group of materials with the best correlations
which have been obtained.

No consistent difference has been noted so far between
the equivalent perforation diameters in the laminated and
random-chopped squares phenolic materials., The front spall
cavity is larger than the ablative hole diameter for the
random -chopped astrolite and phenolic nylon, and the
laminated phenolic nylon. In contrast to this there is
not much of a front spall cavity in the laminated astrolite
for most of the impact experiments.
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Approximately 35 impact experiments are planned for
the next quarter, The targets will be primarily Astrolite
witl steel bach-ups. The projectiles will bo aluminum,
steel and uranium spheres and cylinders. The projectiles
will have velocities of 6-7 km/sec and masses up to
10 grams. The emphasis will be to more clearly define
the effects of projectile density, mass and velocity on
the hole size in the ablative materials.
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TABLE 1 - HOLE DIMENSIONS FOR PREVIOUSLY

REPORTED NRL DATA

Round No. A? Da
cm cm

5-3-16 1.48 1,37
5-3-18 3.35 2.07
5-3-20 1.35 1.31
5-3-24 25.55 5.70
5-3-25 31.16 6.30
5-3-28 29.74 6.15
4=784 26.32 5.79
4-785 28.13 5.98
4-797 2,52
4=734

5-3-4

5=3-2

5~3-7

4-736

4421 6.23 2.82

B-8
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Figurc 2(a) - Round No, 4-865 12"x 12x 1*
Laminated Astrolitewith a 0,25" Al, back-
up impacted at 907 with a 5-16" steel
sphere (2,04 gm) at &4 velocity of 5,037
km/scc.

Figurce 2(b) « Round No, 4-866 12 12"« 1"
Random Chopped Squares Astrolite with
a 0.25" Al, back~up impacted at 90° with
a 5-16" steel sphere (2,04 gm) at a veloc-
ity of 4,970 kim/scc,
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3(a) Top Front 4-851 3(a) Top Rear 4-851

Figure 3(a) - Round No, 4-851 12"x 12"« 1" Random Chopped Squarcs
Phenolic Nylon with a 0,25 Mg, back-up impacted at 90° with a 1/4¢
steel sphere (1,045 gm) at a velocity of 4,75 km/scc.

VNNl

s "n‘ )

3(b) Top Front 4-852 3{b) Top Rear 4-852

Figure 3(b) - Round No, 4-852 12"% 12"x 1" Random Chopped Squares
Phenolic Nyloti with a 0.245" Mg, back-up impacted at 90° with a 1/4¢
steel sphoere (1,045 gm) at a velocity of 4,75 km/sce,
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Figure 3(c) - Round No. 4-851 and 4-852, Recovered front spall
picces placed back into spall cavity after impact.

JO"SPACING
FRom REAR §
. OF TARGET §

-

" 10" SPACING I
FRoMm REAR B
OF TARGET _

s

1137 s

Figure 3(d) - Round No, 4-851 and 4-852, 0.25" thick 25 Aluminum
witness plates placen 10" behind target,
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Figurc 4(a) ~- Round No. 4-871,
12" 12"> 1" Laminated Phenolic
Nylon with a 0.25" Al, back-up
impacted at 90° with a 5/16*
steel sphere (2,04 gm) at a ve-
locity of 5,0 km/sec,

Figure 4(b) - Round No, 4-867,
12*x12"x 1" Random Chopped
Squarces Phenolic Nylon with a
0.25" Mg, back-up impacted at
90° with a 5/16" stcel sphere
(2,04 gm) at a velocity of 4,54
km/sec,
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SECTION II
Impact Damage By Large Mass Materials

C.D. Porter
J. Davis

August 1963

Dynamics Branch, Mechanics Division

’ U.S., NAVAL RESEARCH LABORATORY
WASHINGTON, D.C,
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PROELEM STATUS

This is a Quarterly Technical Progress Report.
Work on this Project is continuing.

AUTHORIZATION

NRL Problem 62F04~11C
ARPA Order No,149-60

SECRET B'i

SECRET




SECRET

LIST OF FIGURES

FIGURE

1. Target Layout of Shot 1 (8.2", 2,5-inch gun)
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SUMMARY

Preliminary work in structural analyslis or the MK LV
nose cone impacted with 253~gm Lexen cylinder at 5.6 KM/Sec
indicates that about 1% or more of the projectile energy
was transmitted to the remaining portion of the structure.
This 17 appears sufficient to account for the severe
delamination of about 50% of the ablative material. Trans-
verse wave propagation as indicated by breakaway of a
light shield appears to be the mechanism for the major
portion of energy transferred to the structure,

Improvements in large gun accelerator techniques are:
the development of a ring-seal type sabot, the improvement
of the NOL petal valve, and the development of a low-
friction, hydraulic piston.

Future impact studies and instrumentation are dis-
cussed.
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INTRODUCTION

M e Lin A wnanm s avmdems A sty @ D daaalh humasmesaTland =

AALG .LAMLJBI»\‘:: tld-us.l.u-nl \;M.Ll.lb LYY YR g = ekt bh AR Y RN b Ve
gun (1, 2) was started in early March, The objective of this
program is to study the effect of large, dense, concentrated
and distributed masses on impact damage.

Observations on the structural aspects of impact damage
is reported. Much of the analysis of the damage on the first
target has been done during this period for purposes of deter-
mining the type of instrumentation needed in the structural
and distributed mass studies. :

Areas where improvements have been made in the accelerator
are also discussed.

IMPACT ANALYSIS

Optical

A Fastex framing camera was mounted to view, during
impact, an elliptical sector of the Mark IV nose cone with
the major axis of about 30 inches and minor axis of about
20 inches, Figure 1 is a schematic plan view of the Mark IV
target in the target chamber. The front of the target was
suspended by means of cushioned studs welded into the chamber
wall. The rear was hung by a cable suspension to overhead
rings. Impact was planned on the cylindrical section 6-inches
ahead of the main steel reinforcing ring, which connects the
cylindrical section to the first conical section. The forward
tip of the viewed section is approximately the same distance
from the reinforcing ring and 90° from the impact point. A
l-inch thick celotex light-shield was placed completely around
the impect area. The exposed areas were sealed with tape to

~ avoid overexposing the film during the early phases of impact.

Figure 2 1s a sectional view of the target at the point
of impact. The sector viewed by the overhead camera and the
section of the impact flash shield are also shown. Of par-
ticular interest is the arc length (14.3 inches) from the
iﬁgaig point to the taped joint topside of the upper flash
shield.,

Color film was used to gain an idea of the color of the
major visual radiation from the impact as well as to gain some
idea of the velocity of the gas particles. The faster the gas
jets and dust particles travel, the nearer the radiation from
the residue air wake approaches the ultraviolet region.

SECRET B'2.
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The first view, Figure 3, is taken at the start of target
impact by impact flash seeping around the loose taped joints.
In the colored photo of this phenomenon the almost blue light,
available in high intensity only for a few micio-seconds after
impact, was noted. The squares on the viewed section are of
two-inch size, and the marked area (viewed section) is only a
small sector of the target which 1is too large for full coverage.

In the next frame (not shown), 160 micro-seconds later,
the light had already decayed below visibility, except for a
small area at the forward part of the viewed section which
flowed yellow from gases which were flowing through a break-
away from the taped shield and target.

In the next frame (Figure 4) 320 micro-seconds later, the
lower edge of the light shield and contacting target had
completed its break-up exposing large areas to the direct-view-
ing of the heated gas composed of the lower intensity target
dust and residue target chamber atmosphere.

In the upper left portion one notes lumincus linear streaks,
some of which are a foot long, which do not show the turbulence
of gas flow. It is believed these are the radiant wakes left
by particles sprayed back from the impact crater and traveling
at high speed through the rarefied air,

Considering the onset of edge-seal break-up as occurring
in the 130-160 micro-second period between frames, one can
calculate the velocity of the distunbance propagated over the
14.3-inch path as lying between 2,27 km/sec and 2,80 km/sec.

The measured longitudinal wave velocity lies between 3.23 km/sec
and 4.41 km/sec depending upon direction of propagation in the
material fibers. The transverse wave propagation velocity has
not been verified for the composite sandwich, The velocity

range calculated from photographic observation could be that

of the transverse wave because the velocity of transverse pro-
pagation is considerably lower than that of the lomngltudinal mode.

STRUCTURAL ANALYSIS

Evidence of structural absorption of the projectile energy
is contained in the ruptured and bent structural ring member
and deformed lips around the hole as shown in Figure 5. Analysis
of this work of bending shear and non-elastic: stretching shows
that at least 40 kilojoules of energy wam absorbed in perform-
ance of this work., A reasonable assumption is that this defor-
mation energy may be linearly related to the energy actuall
transmitted to tge target shell structure around the hole which
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was responsible for the severe delamination observed. The
projectile possessed about 3,940 kilojoules of kinetic energy.
The known deformation energy is a little over 1% of the impact
energy. I an equivaleni amouui of hincilc eneigy veached the
structure, this energg in potential form is equivalent to load-
ing the structure with 14,000 kilograms over the hole area with
a resultant deformation of 28 cm., Such deformation would
definitely crack and delaminate the ablative (Tape Wound Re~
frasil). Large pieces of ablative material weighing 9.38 kg
cracked off beyond the hole area and were recovered. This is a
complete breakoff of about 11,5% of the ablative surface beyond
the hole area, which is 3.0% of the surface. Loose strips com-
prising about 35% of the surface would have broken off quickly
in the slipstream around a re-entry vehilcle during flight.

This added damage could be the result of structural defor-
mation and vibrations and is an aspect of damage that has not
been observed in previously controlled flat-plate experiments.
This aspect of damage may have considerable bearing upon the
ability of an impacting mass to kill an incoming missile,

The preliminary study adds considerable impetus to the effort
to improve the instrumentation upon the target, A break-
screen network may be devised to analyze the wave velocity
behavior in an impacted structural target.

ACCELERATOR TECHNIQUE DEVELOPMENT

Large Gun Prototype

Every 8.2-inch gun firing, involving changes which may
increase gun stresses, is duplicated parameterwise on a 40-mm
gun whose high-pressure section and core duplicate in 1/5
scale every detail of the respective sections of the 8.2-inch
gun, The high-pressure case and high-pressure core are shown
in Figure 6.

Parameters similar to the next 8.2-inch gun shot selected
for the prototype firing are as follows:

40-MM Prototype 8.2"LG-Gun

Piston Size 1.63"0D x 12" 8.2"0D x 60"
Pidton Weight 411.6 gm 113.5 1b
Projectile Size .5" Al. Sphere 2,45" Al Sphere
Projectile Weight 3.01 gm 361 gm
Ring-Seal Type

Sabot 122 gm 15.2 gm

Powder 150-gm,20mm + 135-gm,40mm  851b, 6'*
Propellant Pressure 42,000 psi 40,000 psi
Driver Gas 210 psi Hy 210 psi H,y
Projectile Velocity 19,000 fps 21,000 fps

F Propellant weight increased to give a greater projectile velocity.
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Ring Seal Sabot Development

40-MM, 50-Cal. Prototype.

A feature of this shot was the ring-seal type of sabot
designed to give a lightweight self-stripping support to the
1/2-inch aluminum sphere. If launch tube cross sectional
area is A, sphere cross-sectional area is S, sphere mass is
M_ and sabot mass is M_ then allowing for a narrow band of
fgiction in the area near maximum ball diameter, it can be
shown that if

Mg { _A-8

Etp .
then sabot and ball should accelerate together,
To make the sabot light as possible (about 4% of sphere mass)
there must be little clearance between ball and the launch tube
bore, A ring-~seal sabot was developed on this basis for the
40-mm prototype as shown in Figure 7. Figure 8 shows the
half-inch, 3.0l-gm ball stripped of the sabot material as it
passed the velocity stations, 2' apart, at 18,961 £ps.

Hydraulic Piston

One feature of the prototype shot was the addition of
packed steel wool about the stem of the hydraulic piston,
Figure 9, to add the pilston weight needed with the heavier
projectile and to keep friction and distortiom down. The
packed steel-wool is carefully taped so that the wool is
separated from the wall by a layer of water. About 30% of
Zg7 piston weight is plastic, 227 steel-wool and the remaining

% water,

Petal Valve

After analyzing the results of the first shot of the
8.2, 2.,5-inch hypervelocity gun, it was decided that the
slider-type break valve should be replaced with a petaling
diaphragm valve, (Figure 10)

The advantages which the petal valve has over the slider-
valve are: the break pressure of the petal valve 1is unaffected
by pressures applied by surrounding core parts; the opening
and opened phases of tKe petal valve nozzle are aerodynamically
more desirable; there is less tendency to close; and there is
a reduction in machining time and cost. The disadvantage of
using a large petal valve has been the breaking off of pieces
ofbvalve material which would damage the projectile and launch
tube.
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A dynamic valve tester was designed which would duplicate
the valve section of the 8.2, 2.5-inch gun, The first test-
valve was made using the NOL design parameters. Examination
arcer testing showed a ragged break which seemed to be inclined
at a 45-degree angle, (Figure 1ll) The total mass-loss by
weight was 2.95 grams. The second test-valve was altered from
the first by adding a small control line at the bottom of the
major slots with the hope of reducing the raggedness of the
break and the mass-loss, Examination after the shot again
showed a ragged break which was inclined at a 45 degree angle.
The mass loss was 1.77 grams,

After two valves, whose breaks were inclined on a 45~degree
angle, it was concluded that the material was failing in shear
with the maximum shearing stress occurring on the cross-section
inclined at 45 degrees. This phenomenon occurs in certain
types of materials,

From the above observations it was concluded that the
failure should be controlled to be a smooth break inclined at
a 45 degree angle. This was attempted by putting control lines
on the side opposite the major break slots off-set at a 45-
degree angle., Valves from the third test were measured to
determine the amount of plastic deformation before the start of
the shear-type of failure. From the deformation measurements
the control lines were relocated at an angle of about 22 degrees
measured from the perpendicular cross-section-line through the
major slot. Figure 12§

This fourth test valve functiloned as desired. The break
followed the control lines giving a smooth break with no
noticeable pieces missing (Figure 13), The mass-loss by
welght was 0.17 grams or 0.01% of the total valve weight. The
measured break pressure was 75,210 psi compared to the desired
break pressure 75,000 psi. The functioning of test valve No. &4
was deemed satisfactory and a duplicate will be used in the
8.2, 2.5-inch gun for shot No. 2.

FUTURE_WORK

Instrumentation

A4' x 4" x 1 1/2" ablative target with 1/4" steel back-
up is being set~up at 90° incidence to study mass scaling
effects on thick ablative targets,

Specific instrumentation planned includes:

(1) Orthogonal flash X-ray units to view back of target
after the steel back-up plate opens up.
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(2) A shadowgraph system to obtain velocity of petaling
plaie after impact during the petaling action of the back-~up.

(3) Chronograph screens to measure the velocity of the
fastest particle as it proceeds through a system of sereens
set at various points in a maftex-plywood witness array in
which particle recovery will also be carried out,

(4) Delicate screens will be placed about the impact
point in the ablative materials to study the wave propagation
velocity. An attempt will be made to differentiate between
the longitudinal and shear modes of wave propagation.

(5) Accelerometers will be placed in the areas where
they will not be damaged to get a better idea of energy
absorbed by the structure,

(6) Two new vertical viewing systems will provide
orthogonal views of the projectile array for future dis-
tributed mass studies.

Density Effect Study

An effort will be made to use the ring-type sabot to ac-
celerate dense materials,
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Figure 3 - View of target at impact
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Figure 4 - View of target 320 microseconds after impact
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Figure 5a - Structural deformation of target
in impact zone
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Figure 6 - 40 mm high pressure case and core gection
(prototype shot for 2nd 8.2-inch shot)
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Figure 8 - Velocity station shadowgraph of ,5-inch sphere
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Figure 9 - Weighted hydraulic piston
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Figure 10 - Photographic view of petal and slider valves for
8.2-inch, 25-inch HV gun (from compression tube side)
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Figure 11 - Petal valve diaphragm with 22° control lines
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Figure 13 - Petal valve diaphragm with 22°control lincs

B2l SECRET




' SECRET

This document consists of poges
Copy No. ot 176 copres, Senes A

(UNCLASSIFIED TITLE)
HYPERVELOCITY KILL MECHANISMS PROGRAM

ARPA Order 149-60

Aerotnermal Phase

Quarterly Progress Reporl
For Period Ending
20 June 1963

19 July 1963

T. J. O'Connor
R. Shaw

H. E. Hoercher
R. S. Tirnm%nS

RESEARCH AND ADVANCED DEVELOPMENT DIVISION
AVCO CORPORATION
Wilmington, Massachusetts

DOWNGRADED AT 3 YEAR INTERVALS
DECLASSIFIED AFTER 12 YEARS

SECRET DOD DIR. 5200.10



SECRE]

Project Code No, 7300

Contract NOnr 3307(00)

STATUS REPORT

RAD 5R 63-134

APPROVED

oﬂ/‘m.
T. W. Mix
Project Director

This document contains information affecting the MNational Defense of the United States
within the meaning of the Espionage Laws, Title 18, U.8.C,, Sections 793 and 794, the trans-
mission or revelation aof which in ony mannesr to an unouthorized person is prohibited by law.

DOWNGRADED AT 3 YEAR INTERVALS
DECLASSIFIED AFTER 12 YEARS

SECRET DOD DIR. 5200.10




e

PRECEDING “AOE BLANK-NOT FTIMED

b o —

CONTENTS
II.  Aerothermal Phase ... ittt it ineineanenrenenesones.
A, Experimental .. ... .. . e e e
B. Analytical ........ . .0 v, e e e
C. References ... ittt ittt ettt tetitonoanaennn

SECRET

SECRET

<9
Cl15
Cc17




Figare ]

j g9

o

4

Table |

tv

6

SECRET

ILLUSTRATIONS

Model, Hemisphere-Cone Cylinder Reentry Vehicle

Hemisphere-Cone Section oo o000 L. e

Slagnalion-Pressure to Pipe-Pressure Ratio as a Function
of Pipe-to-Box Pressure Ratio [or an Underexpanded Jet

Livpinging on a Hemisphere oo oo, e

Stagnation Point Heat-Transfer Corrclation s a Fuanction

of Jet Reynolds Number ........ e e

Heat-Transfer Variation on Hemisphere as a Function of

Pipe-to-Box Pressure Ratio

TABLES

P e e e

Calorimeter Locations for Hemisphere-Cone Cylinder
Model B T I T

Calorimeter Locations for Hemisphere-Cone Model L.

Test Conditions for Hydrogen-Oxygen Rocket dogine

Experiments ...... e e
Test Conditions for 10-Mw Air Arc Experimonts

Results for Hydrogen-Oxygen Rocket Engine Tests,
Hemisphere-Cone-Cylinder Model ..o vvvvn s,

Results for Hydrogen-Oxygen Rocket kingine Tests,
Hemisphere-Cone Modael o 00 it ii i

Results for 10-Mw Alr Arc Experiments ...,

e

Ces

C26

SECRET

i i s




SECRET

7

(o)

A\

SECRET

SYMBOLS

Discharpe cocilicient given in reference (5)
Dicaneler of joelb orilice

Enthalpy, Bta/1b

Distance from jet infet to hemisphere, inches
Mach numiber at the hemisphore

Ideal mass flow rate (subsonic compressible or chokaed) Th =

Pressure, 1h/in. é

Heat flux, Btu/ft2-scc

Gas constant, 1b-ft/°R/1b,,,

Distance aloug surface from stagnation point, foo!
Temperature, "R

Velocity of external flow; velocity of jet at body, {t/sce
Ratio ot specific heats

Density, 1b/1t?

Yicosity, Ib/tt-sec

Subscripts

external flow
jet conditions
stagnation conditions

wall condition

h




R N e S P

PRECEDING "AGE BLANK=NOT FIIMED

SECRET

SUMMARY

Experimentally determined heat fluxes experienced by an apparatus designed

to simulate a punctured reentry vehicle are presented, 'The facilities employced
as sources of high-enthalpy gas for these experiments were the Aveo RAD
hydrogen-oxygen rocket engine and the Ten Megawatt (L0-Mw) aiv are, A
cortrelation of jet impingement heat-transfer ratios is also prescnted,
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II. AEROTHERMAL PHASE
A, EXPERIMENTAL -

1. Apparatus and Procedurce

The apparatus used in the experimental studies of internal heating of a
punctured reentry vehicle was designed to simulate two generic families
of reentry vehicles: (a) hemispherc-cone-cylinder-flare vehicles with
integrated or nonintegrated internal structures, and (b) hemisphere-cone

vehicles.

The hemisphere-cone portion of the apparatus, employed in studying inter-
nal heat transfer for both familics, was machined from OFHC (oxygen-frec,
high-carbon content) copper. The hemisphere had an internal diameter of

4.0 inches and was tangent to the conical portion of this section.  The half-
angle of the coanical section was 22.5 degrees and it had a base diameter of
10. 25 inches. At the base of the cone there was a shourt cylindrical section
with a length of 0. 50 inch; this section was instrumented with six insulated

copper calorimeters in a common plane, as indicated in figure 1.

All calorimeter front faces arce flush with the inner surface of the section.
The axes of the calorimeters closcst to the base planc of the cone are at an
angle of 22.5 degrees from this planc. The extension of the centerlines of
these two calorimeters intersects the axis of symmetry of this section in the
_plane of the base of the cone. The location of cach calocimeter in this scc-

Ztion is given in table 1.

The cylindrical portion of the apparatus was constructed {rom standard
stainless-stecl pipe. The outer cylinder had a length of 16.0 inches and an
internal diameter of 10. 25 inches. This scction was instrumented with five
v"v‘\x;xsulated copper calorimeters and two pressure taps, as indicated in figure
The location of cach calorimeter is given in table 1.

The case of 2 vehicle of the hemisphere-cone-cylinder-flare configuration
with a nonintegrated internal body was simulated by enclosing a cvlindrical
body with a hemispherical front face within the apparatus.  This asscembly
was aligned so that its axis of symmetry coincided with that of the outer
cylinder, The cylindrical section of this assembly had an outside diameter
of 6.625 inches and was 16,50 inches in length., It was instrument.d with
three calorimeters as indicated in figure 1. The location of cach calorim-
eter is given in table L. The hemispherical front face of the asscmbly was
machined from OFHC copper and had a diameter of 6,562 inches, It was

E instrumented with three calorimeters, as given in table 1.
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The entire apparatus has been sealed from the environment by welding a
plate to the rear of the inner body assembly. A section of the entire
assembly can be found in figure 1.

“"The hemisphere-~cone section of this apparatus (see figure 2) was em-

ployed in the study of internal heating of vehicles of the second generic
family. This was accomplished by sealing the rear of this scction with

a circular flat plate instrumented with six insulated copper calorimeters.
Calorimeter locations were at the center of the plate and at radial dis-
tances of 1.0, 2.0 (two calorimeters), 3.0 and 4.0 inches. In addition,
the plate was provided with five pressure taps at radial distances of
0.875, 1.875, 2.875 (two taps) and 4. 875 inches from the center.
Calorimeter locations are tabulated in table 2.

Two large threaded holes were cut in the base of each gencric model to
provide a means of venting the apparatus; vent area on each apparatus
was varied by inserting plugs with various hole diameters into two large
threaded holes. The vents were positioned so that flow within the
apparatus would be symmetrical in nature. With this system, vent
diameters could be varied from 0.1875 to 1. 05 inches.

A series of experiments was conducted with the previously described
hemisphere-cone-cylinder apparatus using the Avco RAD hydrogen-
oxygen rocket engine facility as a source of high-enthalpy gas. These
experiments were performed with an inlet hole diameter of 0. 750 inches
located on the axis of symmetry of the apparatus, simulating a puncture
at the stagnation point of the reentry vehicle.

The apparatus was coupled directly to the rocket engine facility at a
point between the combustion chamber and the exit nozzle, as described
above. The passage from the rocket engine and the apparatus was
sealed with a gasket, acting as a rupture diaphragm, as indicated in

‘figure 1.

The procedure followed in conducting cach test is presented here. Prior
to each test, the enclosed volume of the model was purged with argon to
remove any residual hydrogen and oxygen from the system. This pre-
caution was necessary to eliminate any combustible gas mixture from
the model. The rocket engine was precloaded with hydrogen and oxygen
to obtain the desired stagnation pressure and combustion gas composi-
tion. The engine was then ignited and brought to stable operating condi-
tions, using a quick start procedure (i.e., chamber pressure and com-
bustion would become stable in less than 0. 50 second). During this
rapid transition to stable operating conditions, the diaphragm between
the apparatus and the rocket engine ruptured allowing the high-enthalpy
combustion products to cnter the apparatus.

clo
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In the experiments with the 0.75-inch diamecter hole, data acquisition
system limitations madec it necessary to restrictl instrumentation to
nine channels., Pressures recorded during each test were chamber
pressure, box pressure, hydrogen and oxygen line pressurcs, and the
pressure in the pipe dircctly opposite the passage into the apparatus.
Hence the number of calorimeters employed in each test was a maximum
of four. _Due to intercst in the high heating rates cxperienced in the
vicinity of the impingement point of the jet, the thermocouple outputs
recorded were those at stations 4, 15, 16 and 17 (sce table 1 for cal-
orimeter locations). Test conditions for these experiments are pre-
sented in table 3.

A limited number of tests were conducted with the hemisphere-cone
model on the rocket engine facility with a 0. 50-inch diameter inlet hole.
Experiments were conducted with the system vented and unvented., Tn
the unvented firings the response time ot the system proved to be so
short that little or no heating was expericnced. Vented tests were con-
ducted with vent-to-inlet arca ratios of 0. 945 and 3.78. Heat fluxes
were measured at all calorimeter locations and at positions 1 and ¢ on
the conical porticn of the model and at all calorimeter stations on the
rear plate. The internal pressurc was mecasurcd at a radial distance of
0. 875 inches from the center of the back plate. Test conditions for
these experiments can be found in table 3.

Attempts were made to measurce the gas temperature -within the apparatus
in several of the previously cited experiments. However conduction
losses experienced in these measurements were found to be so large

that the thermocouple output measured was unreliable.

Ten Megawatt (10-Mw) Arc Tests

A number of tests were conducted with the hemisphere-cone-
cylinder model (figure 1) with a 0.50-inch diameter inlet hole on
the Avco 10-Mw Air Arc Facility. All tests considered in this re-
port werc performed on an unvented system.

The essential components of the 10-Mw multi-arc heat, include o
4-inch diameter plenum chamber into which four 2-Muw plasma
generators exhaust radially and one exhausts axially. The arc-
heated air mixes in the plenum chamber and exhausts axially in the
sixth direction. The high-enthalpy air passes through a water-
cooled transition section having a length of 3.0 inches and then
through a 10-inch water cooled extension.  Downstream of the eox-
tensionwas an uncooledcopper tube 2. 81 inches in length: after
passing through the uncooled scction the high-enthalpy air flows
through a sonic nozzle and exhausts into the atmosphere. A passage
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with an inside diamcoter of 0,50 inches was provided for gas flow
[rom the uncooled pipe into the test apparatus.  Uhis passage opens

bdo tho wancanled

: Aol e it Gl to thil Gaan gas
flow,  The conterline of the passage was Located at a distance ol
6.75 inches [rom the upstream of the uncooled pipe, The passio:
wag atotal distance of 19,75 inches {rom the plenum chamber,
The inside diameter of all sicces falween the plenam Chamber i
the exit nozzle was 125 inches.

The actual procedure employed in the experimental tests is e -
scribed here,  Arc operating conditions (i.c., gas flow rates, ox-
haust nozzle diameter, and power to cach are) which were required
to obtain a desired plenum pressure and gas enthalpy were deter-
mined from arce data recorded in previons experiments,  Prior to
firing the ave, gas flow rate through the system was adjusted to

the desired value and recorded,  After gas flow stabilization, the
power breaker was closed,  The arcs between the carbon cathodes
and water-cooled copper anodes were initiated by means of a
tungsten wire strung through holes in the cathode and contacting

the anode.  The air was injected tangentially into cach arce chambor
and was heated toa high temperature by passing through the swirling
arc, Steady-state values of arc current, voltage and plenum pres-
sure were obtained in approximately 1 second after the start of the
experiment.  Steady state operating conditions for these experi-
ments arce tabulated in table 4,

As was the casce in the unvented experiments on the rocket engine
tacility, a gasket was placed across the passage betweon the model
and the main gas {low, The suddern rise in plenwm pressure which
occured when the arc was fired caused the diaphragm to rupture
allowing high-enthalpy air to flow into the .« pparatus,

2. Experimental Results

a. Hydrogen-Oxygen Rocket Engine Experiments

Experimental heat fluxes obtained in the tests conducted on the
rocket engine facility with the vented hemisphere-cone-cylinder
apparatus were similar in nature to those reported in reference L
for the 0,50-inch diameter inlet hole,  In gencral the response of
the apparatus was more rapid with the 0, 75-inch dinmeter inlet
hole and heating was more severe at given values ol pipe and box
pressurce, For example, at o chamber pressure of approxsimately
85 pr la and a box pressure of 55 psia, the measured heat flus at
the apex of the inner body was 275 Bltu/{té-sec and 600 Btu/12 5o
for inlet hole diameters of 0, 50 and 0, 75 inch, respectively,  With

ClL2
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a fixed distance of the calovimeter from the origin of jet, increasing
the jet diameter resulted i a decreased jet-length-to-diameter
ratio, Honeo, dhoe stfonontian of hoth fod valocity and onthalng woe
less pronounced with the larger hole, and jet impingement heating
was more sevoere,

As was the case for the smatler hole, the stagnation point heat [lux
rose to a prak valuce voery carly in cach experiment and then de-
creased to a relatively constant value Tor times longer than 1, »
scconds after the start of the test, Heating conditions at the three
other stations monitored in these experiments remained relatively
congtant with time after the initial transient. The maximum heat
flux experienced in these firings was 1275 Btu/fté-sce at a chamber
and box pressure of 123, 2 psia and 22.7 psia, respectively, Isperi-
mental heat fluxes for all tests conducted with the 0. 75-inch diameter
inlet hole arc tabulated in table 5.

The measured prossure within the system exhibited a very sharp
peak very carly in cach test,  Following this.the pressure decreasced
to a relatively low valuce in a time of less than 1.5 sceonds, The
internal pressurc history had a brief transition period following

this local minimum and then increased gradually for the remainder
of the test period.

Internal heat-transfer rates were obtained from experiments on the
hydrogen-oxygen rocket engine facility with the hemisphere-cone
model described in section A. 1. The system was instrumented
with cight transient copper calorimeters as cited previously, Pres-
sures recorded continuously during cach liring woere: chamber
pressure, pipc pressurce, oxygen-and hydrogen-line pressurcs and
box pressurce, The pressure within the apparatus was measured at
a point 0, 875 inches from the center of the rear plate.

Since it was found that there was little or no response in the system
when the apparatus was run in an unvented g:unditi(.m,"i all experi-
ments were with a vented model,  Vent-to-inlet arca ratlos woere

0. 945 and 3.78; the inlet hole had a diameter of 0, 50 inch,

Computed heat fluxes obtained from the experimental data in these
tests were considerably lower than those experienced under com-
parable operating conditions (I, ¢., chamber pressure, internal
pressure, and inlet-hole diameter) with the hemisphere-cone-
cylinder apparatus, Once again this variation in heat flux ot the
impingement point was attributed to the attenuation of jet velocity
and enthalpy in the distance from the inlet hole to the calorimeter.
In these experiments, the impingemoent point was o distance of
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19, 3 diameters downstream of the jet exit plane while in the other
model the maximum distance was 11, 7 diameters with & 0, 80-~inch
inlet hole,

In general there was little variation in the measurcd heat [lux with
radial distonce on the instrumented rear plate of the apparatus
(c.g., the flux at a radial distance of 4,0 inches was never less
than 30 percent of that experienced on the center of the plate).  The
response of the system following breaking of the rupture diaphragm
was much the same as that noted in refercnce 1 for the hemisphere-
cone-cylinder model. Computed heat [lux for 21l ~ttions an the
rear plate peaked very early in cach experiment and then dropped
off fairly rapidly with time. Later in the test, heating rates
approached a steady state value or decreased very slowly with
time. An example of the above flux history is as follows: fur an
experiment with an average chamber pressure of 107 psig, experi-
mental heat fluxes at station A (sec table 2 for calorimeter loca-
tion) were computed as 260, 152, 155 and 160 Btu/fté-scc at limes
nf 0,50, 2.00, 4.00 and 5.00 seconds, rcspectively.

Pressures recorded wiihin the apparatus during the experiments
had the same variations with time as described in previous re-
portsl» 2,3 concerning vented teste, The internal pressures had a
very pronounced peak early in time and then dropped off rapidly
with time, Following a local minimum in the internal pressurce,
the pressurc increased slowly with time for the remainder of the
experiment. Experimental results for all tests conducted with the
hemisphere-cone model are tabulated in table 6.

b, 10-Mw Unvented Experiments

In conjunction with the vented tests conducted on this facility, de-
scribed in reference 2, several unvented experiments wore por-
formed with the hemisphere-cone-cylinder model,

The response of the system following the breaking of the rupture
diaphragm was similar to that reported in reference 3 for un-
vented expueriments conducted in the hydrogen-oxygen rocket engine
facility, Internal and external predgsures equalized in a short
period of time. In all cases, heat fluxes obtained at the various
stations in the forward portion of the apparatus reached a peak
value very carly in time and then decreased for the remainder of
the experiment, The initial peak values occurred at a thime when
the pipe and box pressures wern not equal, l.c., the high-enthalpy
air entering the apparatus was in the form of a high-velocity jet,
At later times the heat fluxes were of lower magnitude, and {low
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into the apparatus was dependent on energy and material balance cone-
siderations,  As in all experiments conducted to date, the mare
sovere heating conditions were experiencaed in the viclnity ol the jots

1] B . 1

il'npin:’:‘nvn’:-nt vinint Tlovat sy voecnmelosl Lo cnluriiacts v o the
conical portion of the apparitus were always ol greater magnituwde than
those measured in the cylindrical section. This phenomcunn wis
resultot gastomperatures and rectreulationin those portions ol the

apparatus which surround the jet of high-enthalpy gas,

Experimental resuits obtained in all unvented tests condacted on the
10-Muw facility arce presented in table 7, Lxperimental pressure data
from two tests (3553 and 3561) are questionable due to an apparent
shift in the zero point of the transducers employed in the fivings,  In
some experiments poor resolution ol the traces obtained {or several
calorimeoter stations indicated that there was little or no response
during the tests,  Data for these stations are indicated by dashed Lines
in table 7.

ANALYSIS -

1.

Seve

Stagnation Point Healing

ral attempts were made to correlate the stagnation-point heat fluxoes

from the two scts of rocket molor tesis (MDD = 7.8, L/D = 11, 7) and the airv
arc tests. All approaches made use of the Fay and Riddell stagnation-
point heating expression:

The
by a

(or),

A ol M-

flow conditions at the stagnation point of the hemisphere were caleulated
variety of procedurcs,  An outline of these methods is as [ollows:

a. The underexpanded jets were asswmed to expand to the isentropic
Mach number at an imaginary distance and cquivalent diameter given
by Love and Rousso in reference 4, The jel was then asswmed to
diffuse according to Warren's theory with T ; /T, = 2.0 (ratio ot
initial jet-stagnation temperature to ambiont temperature), 1 the
computed Mach number at the hemisphere was greater than 1,0,
normal shock wus agsumed and ideal gas velations were employed to
compute the flow propertics at the stagnation point,  The velovity
gradient was then assumed independent of pressure ratio and propog-
tional to the calculated veloelty ol the jet ot the hemidsphe re divided by
the orifice diameter, ‘The enthalpy decay of the jot was assumed
similar to the total temperature decay given by Warren, 1OWith this
approxbmation the enthalpy at the wall could be estimiated,

Gl5




b. The underexpanded jets werc assumed to expand to the isentropic
Mach number and arca ratio. A normal shock was then assumecd to
coour ot one half the chool node dictanes, and the condidons following
the shiock were used to initiate a jet decay as given by Warren, 4 The -
enthalpy decay and velocity gradient were approximated as described
in method (a.).

¢. Measurements of the stagnation pressure indicated that the pro-
cedures used in methods (a.) and (b.) {alsely predicted the stagnatinn
pressure at large pressure ratios. To improve the correlation, the
stagnation pressure was taken from the correlation shown in figurce 3.
The jet Mach number used to compute the velocity gradient was taken
as the Mach number indicated by the static-to-stagnation pressure

ratio for y = 1,23, The enthalpy attenuation was computed as described
in method (a.).

d. The results of the above attempts at correlation indicated that the
heating was more strongly a function of the pipe pressure and the L./D
ratio than was predicted by Warren's theory. The pressure ratio
influence indicated a jet Reynolds number effect,and the L/D influence
indicated the enthalpy attenuation of severely underexpanded jets
could not be adquately predicted by Warren's theory in light of this
evidence so the data was correlated by an equation of form:

(op) ‘m -
. n w 18) d
47 KR [_"g,p)e] erle 37 ('1:) M, -H) W

Equation 1 will correlate all the data to within 20 percent inn = 1,0,
m=0,2and K= 1,29 x 10-4, The steady state values of all tests are
shown in figure 3. The transientsfrom 1.0 second to the end of cach
test fall in the same band but have been omitted for clavity,

The various factors in equation | were approximated as follows:

4C , m,
1) Re. = pUd 3 d ' ideal
j v/ T d
J
2) Ho = unattenuated enthalpy of the gas in the pipe.

[7P
3 I (ow) 4y " <__°’_> AR
Pl Tar = RTo Me 7@ '
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where

77—\
Uu = ™M LR A T
bl c 0

= K |
Fo \f- 0

thercfore

l [P M 2]t
dU 0 KK Zye
N PH Tdr d R(y r 1)

Although equation 1 hus only been applied to a limited range of L/D
and Re., it is the best correlation found thus far., When more is
known as to the structure and enthalpy decay of hot underexpanded
jets, a more sophisticated approach may be possible,

2. Off-Stagnation Point Heating

The heat fluxes at two locations off the stagnation pointl may bo related to
the stagnation heat flux as seen in figure 5, The heat=[lux rativ at 30
degrees (1,72-in, arc length) shows a transition at pressure ratio between
3 and 4, This is the range of pressure ratio when i normal shock appears
in the jet and the first cell in the scries of =shocks becomes stable,
result of this structure the jet spreading angle becomes smalier, thuk the
stagnation heat flux is increased relative to the locations off the stapnation
point. The location at 67 degrees (3. 88«inch arc length] shows just o
gradual decrease relative to the stagnation point. Since this location is
more than 7 jet diameters away from the stagnation point, the change in
jet structure apparently has little cffect on heat flux at this position,

As
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TARLE L

' CALORIMETER LOCATIONS FOR AGGRAVATION EXPERIMENTS

L Number | Portion of Model Location
=TC Cone Axis of calorimeter 22,50 degrecs [rom cone
; base with apex ol angle at center of hemispherical
j cap.
: TC2 Cone 2.0 inches from calorimeter 1,
TC3 Cone 2.0 inches from calorimeter 2.
TC 4 Cone 180 degrees around model axis from calorim-
| eter 1,
r
|
rces Cone 180 deyrees around model axis {rom calorim-
eter 2.
TC6 Cone 180 degrees around model axis from calorim-
eter 3,
TC7 Outer Cylinder 5,50 inches from base ol cone,
TC8 Outer Cylinder 10,0 inches from base of cone, coplanar with 7,
TC9 Outer Cylinder 12.5inches from basc of cane, 180 deprecs
around model axis from calorimeters 7 and 8,
e
TC 10 Outer Cylinder 7.5 inches from basce of cone, coplanar with
calorimeter 9,
TCIl1 Quter Cylinder 3.5 inches [rom base ol cone, coplanar with
calorimeter 9,
TCl12 Inner Cylinder 3,42 inches from bhase of cone.
TC13 Inner Cylinder 7.42 inches from basge of cone, coplanar with 12,
TCl4 Inner Cylinder 12, 42 inches from base of cone, coplanar with 12,
TCl5 | Hemispherical Capl| Angle between calorimeter and model center-
lincs: 67,50 degrees.,
TCL6 Hemispherical Cap| Angle between calotimeter and model center-
lines: 30,0 degrees.
TCL? Hemispherical Cap| Angle between calorimeter and model ceonter- k
lines: 0 degrecs,

All calorimeters are 00375 inch in dimmneter and 1,50 inches long,

#'['C = Thermocouple,
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CALORIMETER LOCATIONS FOR HENISPHIERIE- CONF MODEL

Station | Radial Distaine Liocation
(inchaos)
A 0.0 Center of rear plate,
B 1.0 I-inch from station A,
C 2.0 90 degrecs from radius through station B,
D 2.0 On diamoeter through stations A and B, 180
degraes away from station B3,
E 3.0 On radius from A to B,
F 4.0 On radius from A through D,

% Calorimeter stations 1 and 4 are identical to those cited in table |,

TABLE 3

TEST CONDITIONS FOR HYDROGEN-OXYGEN RQCKET ENGINE EXPERIMENTS

Chamber| Mixture Stagnation Staguationt Inlet Vent-to
Experimaent] Pressure Ratio Temperature Enthalpy Diameter | Inlet-Area
Number [psia) [ (1bC2/1bH)) (°R) (Btu/1b) (inchuy) Ratio
a2 85,2 4. 05 5425 5170 0,750 0.222
ERL 82.7 4.07 5440 5180 0,750 U, 420
e 82.2 4,08 5440 5180 0,750 0.890
45 82,2 4,20 5465 5213 0.750 1. 680
46% 80, 3,80 5360 5100 0,750 1. 680
A7 1117 3.96 5400 5137 0,750 1. L8O
480% 8l.2 3.80 5360 5100 0,750 3,240
49 63.7 3.70 4210 5030 0. 500 3,78
50 90.2 4.52 5710 5290 {1, 800 3.78
4t 120.7 4.08 5460 5180 (., 500 .78
LY 90.2 3.70 5280 50130 0, 500 L
51 912 3,092 5370 5160 0. %00 0, 9udn
a4 [P g 4.09 5420 8175 U, 500 0. 948
L5 90.7 3.488 5370 510 0, K00 0, Gida
50 63.7 3.70 5.80 50 30 L H00 [tRURL

o Conducted with hemisphere-cone-cylinder modali all other experiments performaed
with hemispherescone mudel,

Enthalpy computed assuming complete cambustion of all O, to H,0.  Base tor
cotputation 11,0(g) and M, (g) at 2987 K.
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TABLE 4

TEST CONDITIONS FOR 10-MW AIR ARC EXPERIMENTS

Run Plenum Nozzle Power to | Mass Flow nlet Hole
Number | Pressure, |Diameter Air Rate Enthalpy* |Diameter
(atimospherel (inches) (Mw) {Ib sec) (Btu/1b) (inches)
33553 6.29 0.825% 0.887 0.276 3020 0.50
3557 3.71 1.200 2,261 0.217 9700 0.50
3559 10.44 0.60 0.766 0.241 3020 0.50
3561 8.98 0. 60 0.626 0.214 2760 0.50

% Computed from mass flow rate and nozzle size,
i
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TEST RESULTS FOR HYDROGEN-OXYGEN ROCKET ENGINE TESTS,

TABLE

SECRET

5

HEMISPHERE-CONE-CYLINDER MODEL

E_s_t No, 42
Time Ppipe Ppox Station
(seconds) (psig) (psig) 14 15 16 17
(Heat Flux, Btu/ftz—sec)
0.0 86.2 0.0 0.0 0.0 0.0 g,0
0.2 75.5 39.0 85 118 245 435
0.5 76.5 68,5 20 62 102 195
0.8 71.2 58,2 112 160 340 520
1.0 70.0 54, 5 120 185 335 575
1.5 68.5 50. 5 115 196 288 572
2.0 68,5 52,5 100 193 261 532
3.0 70.6 56, 2 110 165 255 460
4.0 71.5 62,0 98 125 231 400
5.0 72.0 63,5 94 107 205 355
Test No. 43
0.0 87.5 0.7 0.0 ] 0.0 0.0 0.0
0.3 76.0 45, % 40.0 15 125 207
0.5 71.5 39.0 105 95 210 377
1.0 67.5 26.5 136 150 300 707
1.1 67.0 28.2 126 163 317 755
2.0 67.4 40,7 117 141 290 608
3.0 68.3 46,7 111 142 277 545
4,0 69.5 51.0 107 125 265 490
4,2 69.2 50.2 102 122 . 260 487
Test No. 44
0.0 88.0 0.7 0.0 0.0 0.0 0.0
0.2 76.0 28.3 92.0 53.0 135 242
0,5 69.6 9.8 112 112 242 602
0.7 68,0 10.8 105 126 242 657
. 1.0 68.0 14.0 105 105 223 550
; 1.5 67.3 17.5 116 117 248 542
i 2.0 67.2 22.3 115 135 275 578
3.0 66.6 27.5 105 145 292 585
| 3.8 67.2 29,0 98 137 298 612
Cc=-27
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TABLE 5 (Concl'd)
Test No., 45
. T |
Time ppipe Pyox Station
(seconds) (psig) (psig) 14 15 16 17
(Heat Flux, Btu/ft2-sec)
0.0 87.8 0.0 0.0 0.9 0.0 0.0
0.2 80.8 10.2 98 78 178 373
0.5 69,3 2.7 95 | 135 252 722
1.0 67.5 5,5 105 125 235 597
1.5 66.6 7.3 110 127 254 571
2.0 67.3 8.8 112 142 275 572
2.1 67.3 8.4 110 137 271 547
2.7 60.5 9,0 117 147 300 601
Test No. 46
0.0 86.0 0.0 0.0 0.0 0.0 0.0
0.2 74,7 14.2 100 105 260 411
0.5 67.0 1.4 105 180 265 752
0.6 67.0 2.8 108 176 260 777
1.0 66.0 31,8 112 142 225 650
2.0 65.7 7.2 117 127 270 615
3.0 65,1 9.0 110 110 270 565
3.8 65,6 10,9 103 93 260 565
Test No. 47
0.0 126.0 0.0 0.0 0.0 0.0 0.0
0.1 107.0 21.2 150.0 80,0 228 315
0.2 102.0 15.5 165.0 125 315 675
0.4 98.0 8.0 178.0 238 450 1275
1.0 97.0 15. 8 180.0 195 400 880
1.5 96.5 19,1 158.0 196 408 ¢ 850
2.0 96,0 21,0 160.0 185 415 i 8l12
2.5 96.8 2.2 170.0 195 440 v B40
2.8 96.5 22.2 : 180.0 4 200 462 i 855
Test No, 48
0.0 87.0 0.0 0.0 0.0 0. 0 ’ 0.0
0.1 75.3 9.8 45 20 45 {215
0.3 70.0 I Lo 92 g0 190 L635
, 0.8 67.0 ‘ 1.0 120 55 270 | 825
1.0 66,3 2.0 106 112 245 | 704
1.5 66,4 2.0 111 127 250 , 640
2.0 65.5 f 3.0 L 135 255 | 647
2.2 65.5 ; 4,0 oo | 137 255 Loo62t
Il
C-28
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' TABLE 6

RESULTS FOR HYDROGEN-OXYUGEN ROCKET ENGINE TESTS,

) HEMISPHERE-CONE MODEL
Test No. 49
Time Ppipe | Pbox Station .
(seconds) | {psig) [(psig) A B C D E F 1 4
(Heat Flux, Btu/ftésec)
!
0.0 5.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 G.0
0.4 50.5 1.5 165 149 113 137 109 72 60 60
1.0 49.6 1.0 146 144 137 147 118 107 69 57
i 2.0 48.7 1.5 115 116 112 116 106 90 68 60
4,0 48.5 2.4 89 83 82 78 76 73 68 62
6.0 48.5 2.5 77 66 68 62 56 62 62 61
8.0 48.5 2.8 75 66 53 59 46 49 60 55
Toest No. 50
0.1 4.0 0.0 0.0 U. 0 0.0 0.0 0.0 0.0 0.0 0.0
0.3 64,0, 9.5 169,0 ]200.0 156.0 [ 246.0 | 163,0 144,0 1100,0 [80.0
0.5 77.0 2.0 242.0 |238.0 236,0 [208.0 |148,0 137.0 [ 104.0 |75.0
1,0 76.0 3,5 152.0 {150.0 142.0 |155.0 j120,0 104.0 | 88.0 [70.0
2.0 76.0 4.5 {[130.0 |{104.0 102.0 [104,0 | 92.0 88.0 | 77.0 [65.0
3.0 76.2 5.5 132.01122.0 100.0 [ 104.0 82.0 81.0 79.0 |70.0
4,0 75.2 5.7 134,0 1120.0 97.0 | 106.0 ] 87.0 88.0 | 65.0 |66.0
5,0 75,0 6.0 135,01130.0 93,0 {101.01} 80,0 74.0 | 69.0 [60.0
6.0 75.0 6.5 130, 0 | 134.0 95,01 91,0} 68.0 72.0 1 58,0 [|58.0
Test No, 51
0.1 7.5 0.5 0.0 0.0 O.Q 0.0 0.0 0.0 0.0 0.0
0.4 105 4,0 220 211 198 237 165 150 98 82
1.0 106 7.8 155 160 146 162 131 112 96 80
2.0 106 9.5 162 145 122 135 112 98 93 79
3,0 106 10.0 170 160 129 135 101 95 83 76
4,0 106 10.5 180 167 128 135 100 94 79 74
5.0 106 11.0 195 182 131 131 100 95 77 71
6.0 107 11.5 185 178 125 125 92 85 71 63
C-29
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Test No, 82

Time ppipe Phox Stations
(seconds) | (psig) |(psiw) A B C D I o 1 4
(leat Flux, Iltu/fté sec)

0,2 4,0 0.0 0.0 0.0 0.0 0.0 T 0.0 e, 0.0 0.0
0.5% T6.5 I 186 190 166 195 143 130 96 66
0.6 78.2 1.8 232 200 196 178 140 121 95 75
1.0 75,8 3.1 160 1606 144 150 128 95 93 71
2.0 75,2 4,5 132 108 107 106 85 84 80 Tl
3.0 75,0 5.6 138 114 100 110 78 8 76 65
4,0 75, % 5.6 140 120 97 107 78 74 71 63
5.0 76.2 6.2 149 133 99 104 74 Tt 67 64
5,8 77.0 6.6 162 130 100 100 68 70 50, 62

Test T\'ui .
0.0 85,0 0.0 g, 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
n.20 8.3 39,3 172 165 152 134 82 69 72 5.4
0. 30 7.8 8.7 195 1os lod 192 118 90 99 70
0.70 TO3 13.5 163 159 163 182 132 118 105 88
1.00 70,2 18.3 170 160 1G4 154 140 106 100 90
2.00 6.5 26,7 1i3 125 122 122 111 96 G4 87
3,00 70,21 31.2 120 It 103 11z 97 95 92 87
4. 00 6.7 34,3 120 116 98 1 90 90 84 81
4,2 76,45 34,8 120 1941 | 9. 137 85 87 83 78

TestNo 51
0.0 9.0 0.0 U0 0.0 0.0 0.0 0.0 0.0 0.0 ¢.0 |
0. 30 106 37.0 238 240 250 256 - 180 132 90.0 !
Q, S0 106 29.0 25 EPEN! Jdl 267 --- 170 140 109 |
1,00 107 | 37.0 183 19 4 1o | 202 | --- 140 129 120
2.00 107 43,0 153 1% 154 1506 - 123 121 111 i
3,00 107 47.0 1143 142 131 139 --- 116 113 103 j
4, 00 100 49,0 (] 158 147 133 - 110 107 105
5,00 107 | 51.0 158 lol 137 142 100 100 92
5,60 1071 5t.u 196 1941 162 170 - 22 104 104

A

{
i
i
i
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Test No. 55
Time Ppipe Phox Stations
(seconds) | (psig) | (psig) A B c D E _F 1 4
(Heat Flux, Btu/ft-%scc)
0.20 5.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.50 76,2 9.1 220 194 191 186 147 113 89
1.0 75. 5 16.5 177 174 168 166 132 110 103
2.0 76. 1 25.0 156 152 152 147 117 108 95
3.0 75.5 29,5 135 127 123 123 111 110 96
4.0 76.0 | 32.0 127 116 114 114 101 97 96
5.0 75.2 31.8 123 111 100 104 94 94 85
6.0 75.5 | 32.5 139 128 106 118 88 86 87
Test No, 56
0,0 56.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 53.0 24. 2 81.5 71.0 61.0 94.0 49 35 45
0.7 50.0 5,5 143.0 [129,0 |118.0 |129.0 96 71 87
1.0 50,5 7.0 123 {123.0 118 |131.0 95 67 73
2.0 49, 4 11,7 104 108 106 100 77 62 65
4.0 48, 8 15,5 93 86 79 79 72 66 65
6.0 48.6 | 19.5 95 79 70 72 62 61 66
8.0 49,0 22.7 87 74 62 64 50 55 48
C-31
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SUMMARY

Work continued in the greas of [light and ground tests designod
to obtain basic data on internal heating phenomena ol perforated re-
eniey vehiceles,

The szcond NASA Wallops TIsland flight test was launched on
7 May 1962, and again resulted in successful telemetry of data
throughuut re-entry, with successful recovery of the model. Prelimir:
ary data are being analyzed.

The model for the internal heating tests of coupled and un-
coupled flow was completed and delivered to Cornell Aeronautical
Laboratory for testing in the Wave Superheater Facility. Tests will
be conducted in July,

A program has been initiated to determine flow characteristics
of various geometry ovifices having superscnic tangential approach
flow. A detailed description of the test objectives and concept is
included. Tests are scheduled for AEDC Tunnel E-1 in October.

A checkout oF™Phe 'main subroutives of the IBM 7090 Intermal
Heating Computer Program has been completed. A complete checkout ol the
program will be cenducted concurrent with parametric studies., Plans
for additioral modifications of the program are discussed.

The thermostructural favescigations were resumed with studles of
the Mark 3 vehicle. Emphasis 1s being placed on the stresgses at the
cone=cylinder Juncture due to penetrarion of the conical portion.

During cthe past quarter, emphesis was placed on flight and greund
tests designad to obtailn bhasic data on internal heating phenomena of
perforated re-cntry vebicles. Thevmoztructural studies of structural
failure modes were resumed, Descriptions of progress in each phase of
the program arve glvee  below.

WALLOPS 1SLAND SLIGKT PEGGRAM

The second Fllght was faunchsd on 7 May 1963, and sgain resulied
in successful releamctrey of data throughnut re-entry, with succersful
recovery of the model. The sccond flight model contained an inlet
orifice on che nose cap 60 ¢ vr.oes awey from the stagnation point, plus
two vent poris on the oue Ureexpat el ly severe ablatlon occurrad
immediately downstrram of vke inlel orffice.
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1111 e parformend by mounting a box to the tunnel
: orifice ¢ sazctinn, GStexdy state flow rates will
,i oy evsouating the hox by mesns of & vacuum pump, toO
L pressurs reiiog,  The flow rete thru the orifice will
mesiuvg. byoa salilbrabed flov metar, The stahic pressure upstregm
A dovngtregu of the srifice will be messured in order to permit

: e resulis In terms of a dimensioniess flow coeffi-
; oi: aurvays of the expendad jet will be conducted within the
At u‘vt*bl dizrances doynstraam of the orifice exit., Photographs
"Sshlierae or shadowgraph) of the expanded jet within the box will be
abtoinad for esch run. An the completion of each sun, the vacuum pump
will be ghat down, and photographs will be taken of the flow pattern
existing within the box wluu ne box outflow. Boundary layer veloclty
profiles on the turmel wall will be obcained upstream and downstream
of the orifice.
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methods of computing flow rate, jet direction, and jet diffusion as
functions of the independent variables, This information is necded
to perform internal heating analyses of perforated re-entry vehicles.

A preliminary design of the model and icstrumentation has been
completed by AEDU personnel to assure mocel compatibility with the
tunnel facility, The detgiled design and manufacture of the model and
assoclated instrumentation will be performed by GE/RSD.

A tentative tegt schedule hse been set up with AEDC and the

Air Force, Tunnel time in B-1 in anticipated to be four wesks, from
30 September to 25 October 1963, inclusive,

PARAMETRIC COMEHTATIONS

A checkout of the main subroutines of the IZM 7090 Internal
Heating Program has bzen zompletad., A complets checkout of the
program will be conducted concurrent with parametric studiez on the
C~1 Advanced Concept Target Vehicle. It 12 aleo planned to use the
program to perform predictions of internal heating and pressure for
the Wallops Island flight models.

In the present form, the program is set up to predict internal
heating for uncoupled flow conditions, either vanted or unvented,
It is plunned to modify the program to also zcuoummodate coupled flow
conditions based on the internal hegting tests heing conducted at the
Jornell Aerorsautical Laworatory, In addition, the program will be
updated pariodizaily to reflect advances in state-of-the-art of
internal hesting technology in the aress of orifice flow character-
istics, jet diffugior, jet impingement hzating, and wall Jet heat
transfer,

STRUCTIRAL STUNIES -

The thermostructural investigations ware resumed with studiss of
the Mark 3 vehizle, The conescylinder forward cavity structure of this
vehicle 13 being investigated, since this type of structure behaves
differently than the conical shells previously studied. A penctration
of the conical shell resulted in an equalization of internal and wxe
ternal pressure (assuming uncoupled flow) thus reducing the contribution
of the mecharical loads to the failure mechanism. A penetration of the
conical portion of the Mark 3 comew-cylinder structure results in a
pressure equallzation of the conical section and an ocutward acting
pressure on the cylindrical section.

H-3
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The !rajcctor, shown in the prerious HEKM Aunnual Report, R:lorewc
18 being -sed, The specific vz2hicle geometr. and weiphti vist i~ (i
were obtainod w.om past RSD documents. Usiiy this trajectur s, -chicle
ceometry e caynamic characteristies, s.ructural loads were
calculated e vekicle at vavio.s times along the re~ew.ouny peihk.
The Lesulriny, scresses are bpeiny cale:lated at tke cone-cylinda.
ncture usiay the abeove loads and iniluence coelfficieunts compuied
chils specsific wbicle goomekiy,
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The efforts at ARAP in the several areas of responsibility
with which 1t 1s concerned are reviewed brlefly. These areas
include over-all management and coordinatlon tasks as well as
theoretlcal and experimental work on Jet decay, Jet impingement,
wall jet problems, and coupled flow phenomena. Certaln
problems which wlll recelve close attention In the comling year
are mentiloned.

MANAGEMENT AND COORDINATICN

Among the usual liailson and Interpretive duties required
under thils portion of the program, ARAP has been lnvolved,
during the past quarter, 1in several projects whilch should be
mentioned herein.

1. A meeting was held on April 22, 1963, at ARAP Including
representatives of ARAP, ONR, AVCO, and General Electric to
dlscuss the current status of the efforts of the varlous
particlpants in the Aerothermal Phase and to outllne future
plans, Recent results achleved by these groups 1in thelr various
experimental and theoretical efforts were presented and
discussed.

2. A paper covering the varlous technical problems of
aerothermal killl mechanisms was presented at the Sixth
Symposium on Hyperveloclty Impact in Cleveland on May 2, 1963,

3. A preliminary study was performed on the feaslbllity
of uslng foam materials for the protection of vehlcle Iinteriors
agalinst aerothermal effects., A memorandum was prepared which
summarized briefly the pertinent current information on such
foamsg,

Further study of the problems of flow coupling and
buoyancy has been made and plans have been formulated for
addlticnal lnvestilgations of these problems during the coming
year.,

The experimental study of coupled flows under way at ARAP
has been described 1n previous Progress Reports.

JET IMPINGEMENT AND WALL JET STUDRDIES
Theoretlcal

A theoretilcal study has been undertaken ln an attemnt to
develop a theory for the incompressible turbulent radlal
wall Jet which will agree wlth present experimental informatlon
and which may be extended to the case of compressible [low,
Thls study has been undertaken so as to have a rational theory
for the distribution of heat transfer 1n the reglon adjacent
to an impinglng Jet.
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Experimental

A detalled discusslon of the jet implngement experimental
program was presented in the previous Progress Report., Sub-
seguent to that report, the tests for normal implngement on
all four models have been completed. The data are now in
the process of reductlon and no additional conclusions will
be presented at this time, Beecause of the obvious importance
of’ local shock structure in an undcrexpanded free Jjet, a
detalled survey was made wlth the flat plate model in the
region of zupercvonic lmpingement. The results of this series
of tests snould make possible a more meaningful Interpretation
of all the impingement data taken under similar underexpanded
conditions for the other models,.

A program to gather data under conditions of obligue
impingement 1ls now in progress.
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